The physiological impact and pathological effect of salmon lice, Lepeophtheirus salmonis (Krøyer, 1837), on wild sea trout, Salmo trutta L., was investigated in 10 rivers in Western Ireland. No skin damage was apparent on fish with mobile pre-adult and adult lice, but severe fin erosion was recorded in many of the fish that were infected with chalimus stages. The attached copepodid and chalimus stages of the parasite did not reduce the physiological performance of the sea trout although there was a significant reduction in total protein, serum albumin and cholesterol in fish with mobile stages compared with fish with attached stages only and fish with no lice. This may reflect the feeding history of the fish, as most of the fish with mobile lice were from the same area, or the physiological effects of lice infections may be stage-specific.
Introduction
Salmon lice, Lepeophthreirus salmonis (Krøyer, 1837), henceforth called lice, are ectoparasitic copepods belonging to the family Caligidae (Order Siphonostomatoida) (Kabata, 1979; Huys and Boxshall, 1991) and are the most commonly recovered marine pathogens of salmonids in the northern hemisphere. The parasites are largely restricted to the genera Salmo, Salvelinus and Oncorhynchus (Kabata, 1979; Pike, 1989) infecting Atlantic salmon (Salmo salar L.) and rainbow trout (Oncorhynchus mykiss Walbaum) in sea cages and also wild salmonid populations (Hutton, 1923; Wootten et al., 1982; Tully et al., 1993) .
In the last decade, there has been a decline in sea trout, Salmo trutta L., populations in the northern Atlantic, particularly in western Ireland and north-west Scotland, with the almost complete disappearance of sea trout populations in the late 1980s. In Ireland, this phenomenon has been characterized by the early return to fresh water of emaciated sea trout, heavily infected with juvenile lice (Anon., 1991b) . The later stages of the decline coincided with the rise in the aquaculture industry in Ireland, which led to the controversial hypothesis that lice emanating from salmon farms may be the cause of the sea trout stock collapse (Anon., 1991a,b; Anon., 1992; Anon., 1993a,b; Anon., 1994; Anon., 1995) .
Much of the published information on lice infections in salmonids relies on observations of the gross pathological symptoms caused by the parasite, particularly on Atlantic salmon. In addition, some data exist on the physiological changes induced by artificially infected Atlantic salmon, which suggest that pre-adult and adult lice cause physiological changes in the host leading to mortality (Grimnes and Jakobsen, 1996) , however, there are no published data on either the pathological changes or physiological impact caused by the attached or mobile stages of lice on wild or experimentally infected sea trout.
This study provides information on changes in the blood composition of sea trout infected with lice that may lead to morbidity and mortality in the marine environment, and examines pathological changes in sea trout as a result of both the juvenile and adult lice infections. The work also provides a link between changes in the physiological integrity of the sea trout and both the numbers and the different developmental stages of lice from two distinct sampling areas in western Ireland.
Materials and methods

Sampling
Sea trout were caught in the lower pools of estuaries by gill netting, from 14-23 May 1996, in the Ballinakill District, north of Slyne Head in North Connemara, to Clew Bay in South Mayo and in the Connemara District, south of Slyne Head, to Galway Bay, South Connemara, Co. Galway (53 15 N to 53 15 N along 09 30 W to 10 00 W). Six rivers were sampled in the Ballinakill District: Bunowen, Bundorragha, Erriff, Culfin, Dawros and Owenglin and four in the Connemara District: Gowla, Invermore, Furnace and Cashla.
A total of 51 sea trout smolts were caught from the Erriff, Bundorragha, Owenglin and Culfin Rivers in the Ballinakill District and from the Furnace and Cashla Rivers in the Connemara District. The sea trout sample size for each river was dependent on the amount of time the nets were left at sea and time of day of sampling. The number of times each river was sampled, either once or twice, was also significant in determining the sample size. All rivers were sampled once on a single day except the Bundorragha, Cashla and Furnace Rivers, which were sampled twice on two different days within the study period. Blood was collected from each fish by puncture of the caudal vein, centrifuged at 10 000 g for 15 min and the serum stored at 20 C. All fish were individually labelled and packaged, frozen and transported to the marine laboratory at the Department of Zoology, Trinity College, Dublin.
Data collection
Each frozen fish was weighed (to 0.001 g) and the fork length measured (to 1 mm). The number, developmental stage, position of each louse and skin damage was recorded in seven areas of the sea trout surface (modified from Ritchie (1993) ) using a binocular microscope: head region, posterior ventral from the caudal fin to the anal fin, mid-ventral from the pectoral fins to the pelvic fins, anterior ventral from the pectoral fins to the head, all below the lateral line, posterior dorsal from the caudal fin to the adipose fin, mid-dorsal from the adipose fin to the dorsal fin and anterior dorsal from the caudal fin to the head, above the lateral line. The extent of dorsal fin erosion was estimated by eye for each fish and grouped into four categories of dorsal fin erosion: category 0=0% erosion, category 1= <33% erosion, category 2=33-66% erosion and category 4= >66% erosion.
The condition factor (K) (Jørgensen and Jobling, 1994) was determined for individual fish by the equation:
where W is the wet weight (g), L is the fork length (cm) and b is the slope coefficient of the regression of log 10 weight on log 10 length (Le Cren, 1951; Bolger and Connolly, 1989) .
The frozen serum was transported to the Department of Zoology, Aberdeen University and tested for the following parameters using a random access autoanalyser (RA-XT; Technicon): chloride, sodium, potassium, calcium, glucose, cholesterol, total serum protein, serum albumin, lactate dehydrogenase and alkaline phosphatase. These parameters were selected to represent a profile of the physiological integrity of the fish.
Statistical analysis
All statistical analysis was carried out using MINITAB and the data are presented as means with their standard errors. Analysis of Variance (ANOVA) and KruskalWalls tests were used to examine differences within and between groups of fish with different levels of infection and different development stages of lice and a Tukey test was used to determine which groups were significantly different at the 5% level. Two sample t-tests and Mann Whitney-U tests were used to determine significant differences between fish captured in the Ballinakill Districft and the Connemara District.
Results
Distribution of lice
Of the fish sampled 82.35% were infected by lice. Chalimus stages had a preference for the fins over all other regions (p<0.001) and significantly fewer were found on the head and anterior dorsal region of the body (p<0.001) ( Table 1) . Significantly more mobile stages were found on the dorsal surface of the fish than in any other region (p<0.001) ( Table 1) .
Skin damage
Erosion of the dorsal fin was observed on 90.2% fish with lice infections and fish with higher lice intensities had significantly greater proportions of dorsal fin erosion ( Fig. 1 ) (p<0.001), but no skin damage to the head or the anal region, associated with the pre-adult and adult stages of the parasite, was recorded.
Comparison between Connemara and Ballinakill fish
The fish captured in the Ballinakill District were significantly larger than those from the Connemara District but there were no significant differences in the condition factors of the fish between the districts ( Table 2 ). The fish from both areas had similar mean abundance of lice per fish, but all fish with no lice were from the Ballinakill District and the Connemara fish had significantly more mobile lice (pre-adults and adults) than the Ballinakill fish (Table 3) . No significant differences between areas were found in the number of attached chalimus and copepodid stages. In addition, the Connemara fish had significantly lower total protein, serum albumin, cholesterol and alkaline phosphatase levels than the Ballinakill fish but there were no differences found in the other parameters measured between the two areas.
Comparison of fish with low, medium and high lice infections
The results from the fish from the Ballinakill District and Connemara District were pooled for further analysis. No correlation was found between lice numbers and the physiological parameters (p>0.05) (Fig. 2) . The fish were ranked arbitrarily according to the number of lice per fish and divided into four categories: 0 (0 lice; n=9), 1 (<50; n=23), 2 (from 50 to 100; n=11) and 3 (>100; n=8). The results revealed a significant increase in levels of glucose (p=0.045) with increasing lice numbers, but no differences were found in the condition factor of the fish or the other parameters measured (p>0.05) ( Table 4 ).
Comparison of fish with different lice developmental stages
Fish with mobile lice (pre-adult and adult stages) had significantly lower protein (p=0.037), cholesterol (p= 0.001) and albumin (p=0.001) than the fish with no lice and those fish with copepodids and chalimus stages only (Table 5) . No significant differences were found in any of the parameters measured between the fish with no lice and fish with attached stages only (p>0.05).
Discussion
Chalimus stages were found mainly on the fins of the fish and the sheltered areas of the body, although some lice may have been lost due to netting. Very few lice were found attached to the gills. Chalimus larvae have been previously recorded on experimentally infected Atlantic salmon, where they show a preference for the epidermis of the fin and for the gill lamellae (Bron et al., 1991; Grimnes and Jakobsen, 1996) , but attachment to the gills may be an artefact of tank infections (Bron et al., 1991) .
Erosion of the dorsal fin was estimated on almost all wild sea trout with attached chalimus larvae and the area of damage increased with increasing lice numbers. No direct data are currently available on skin damage of sea trout post-smolts with juvenile or adult lice infections, but some fin erosion, associated with the chalimus stages in wild sea trout in Scotland, has been reported (McVicar et al., 1994) . The majority of the work on the gross pathological effects of both juvenile and adult lice has been on artificially infected Atlantic salmon and the limited information on the damage associated with the copepodid and chalimus stages has been described as ulcers at the base of the dorsal fin and behind the head as a result of epidermal removal by the lice (Wootten et al., 1977; Egidius, 1985; Jones et al., 1990) . The initial copepodid settlement, secretion and attachment of the frontal filament, movement of the chalimus around the attachment points and the feeding activities of the parasite all contribute to the skin lesions observed in lice-infected fish (Jó nsdó ttir et al., 1992) . The appendages of the louse used in locomotion may be directly responsible for epidermis removal and may, therefore, play an important role in pathology and disease (Boxshall, 1977) . However, work on the structure of the mouth tube apparatus of Caligus curtus (Kabata, 1974) suggests that the feeding mechanisms of both the juvenile and adult stages of lice may be responsible for the development of pathology. Previous work has shown that damage caused by feeding, movement and attachment of the juvenile louse is restricted to the size of the radial area around the frontal filament attachment point and the impact of the infection is restricted to this area (Pike, 1989) . One third of the captured fish had post-chalimus lice infections, although some may have been lost due to netting or abandoned trapped or moribund fish. These were concentrated largely on the dorsal surface of the fish. No skin damage to the head or in the anal region, associated with the pre-adult and adult stages of the parasite (Jó nsdó ttir et al., 1992; Grimnes and Jakobsen, 1996) , was recorded on the current samples of sea trout. Although osmoregulatory failure and secondary infections associated with extensive lesions are common causes of death of farmed fish (Wootten et al., 1982; Pike, 1989) , evidence of such damage is rarely found on wild fish. Critical numbers of lice has been partially quantified for Atlantic salmon (Grimnes and Jakobsen, 1996) , however, preliminary work on artificially infected Atlantic salmon would suggest that the mean number of pre-adult and adult lice found on the wild sea trout would be insufficient to cause mechanical damage to the fish. There was no correlation between lice numbers and any of the physiological parameters measured. Even when the fish were grouped into different intensities of lice infections, only glucose showed a significant difference. However, sea trout captured in the Connemara District had significantly lower total protein and serum albumin, important for water balance (Wedemeyer and Yasutake, 1977) than the Ballinakill fish, and the results were lower than those reported previously for Atlantic salmon Waagbø et al., 1988) . The Connemara fish also had lower alkaline phosphatase levels than the Ballinakill fish, lower cholesterol levels, which decrease in response to acute and chronic stress in fish (Wedemeyer and McLeay, 1981) , and a significantly greater number of mobile lice. There are several possibilities that could account for these differences. Significant changes in the blood biochemistry between the fish from the Connemara District and the fish from the Ballinakill District may be a direct result of physical leakage of the substances from the plasma due to increased feeding activities and movement of the mobile stages of the parasite (Wootten et al., 1982; Grimnes and Jakobsen, 1996) . Chalimus stages on artificially infected Atlantic salmon have little physiological impact but the fish suffer osmoregulatory failure less than 3 days after the onset of the pre-adult I stage (Grimnes and Jakobsen, 1996) .
Blood biochemistry changes may be dependent on the period of time the fish have spent in sea water. One of the characteristics of smoltification in Atlantic salmon is a decrease in growth performance, which has been documented for experimental Atlantic salmon where both feeding and growth were suppressed immediately after sea water transfer (Jørgensten and Jobling, 1994; Stead et al., 1996) . Lice also cause the suppression of appetite in Atlantic salmon, associated with the feeding and movement of the mobile lice prior to, and after copulation (Dawson, unpublished data) . Smoltification is also a period of leucopenia and immunosuppression induced by stress (Ellis, 1981) and therefore the physiological impact induced by pre-adults may be amplified at this critical time of seawater transfer.
Conclusions from the study indicate that sea trout may be infected with greater than 100 chalimus stages without experiencing debilitating changes in the physiological integrity of the fish. Lice are natural parasites of salmon and sea trout, and under normal conditions sea trout may be infected with lice without the development of deleterious pathological symptoms. As the development of a disease condition relies on the complex interaction between the host, the environment and the pathogen, the presence of a parasite does not imply that a disease will occur (Håstein and Lindstad, 1991) , and with naturally occurring disease a balanced relationship may be established between the host and the infectious organism for an extended period of time (McVicar, 1990) . The relationship between the sea trout stock decline and lice infections so far, remain unproved and although laboratory experiments may be somewhat artificial and give poor approximations of the situation in wild fish, future work on experimentally infected sea trout may provide evidence to indicate and explain possible cause-effect relationships.
